Background: Infection with Burkholderia cepacia complex (Bcc) results in a heterogeneous clinical course ranging from asymptomatic colonization of the airways to fulminant respiratory failure in patients with cystic fibrosis (CF). Early eradication of Pseudomonas aeruginosa improves clinical outcomes. The efficacy and clinical outcomes following implementation of an eradication protocol for Bcc are less well understood.
Background
Cystic Fibrosis (CF) is characterized by development of viscous airway mucus which provides a fertile media for opportunistic respiratory pathogens [1] . Chronic respiratory infection with recurrent exacerbations and inflammation results in progressive bronchiectasis and ultimately respiratory failure [2, 3] . Aggressive management of chronic respiratory infections is crucial to prevent lung function decline. Pseudomonas aeruginosa is a common respiratory pathogen in the CF airway and chronic colonization is associated with impaired lung function for these patients [4, 5] . Early eradication upon initial positive sputum culture with P. aeruginosa has been shown to stabilize lung function and improve clinical outcomes with successful eradication ranging from 62 to 93% although the long-term clinical benefit may be uncertain [6] [7] [8] .
Though less prevalent than P. aeruginosa, CF patients may acquire other respiratory pathogens including species of the Burkholderia cepacia complex (Bcc) [9] . Bcc represents a group of genetically related bacteria associated with a heterogeneous clinical course ranging from asymptomatic colonization to fulminant respiratory failure [10, 11] . Chronic colonization with Bcc is associated with antibiotic resistance, increased risk of respiratory failure, and worsened mortality [10, 12] . Although Bcc eradication has been previously described, implementation of a protocolized approach toward Bcc eradication has not been fully studied [13, 14] .
Methods

Patient identification and data collection-
We obtained institutional review board approval to conduct a retrospective chart review of CF patients infected with Bcc at our center. Beginning January 2012 through June 2015, patients were placed on the eradication protocol if they were found to have a sputum culture positive for Bcc, which had not been isolated from sputum during the two prior years. Patients who were known to have chronic airway colonization by Bcc were treated with guideline-based standard of care [15] . Lung function (forced expiratory volume in one second, FEV 1 % predicted), nutritional status (Body mass index, BMI), and serial sputum cultures were obtained during clinic appointments that generally occurred at 3-month intervals, per CF guidelines. The genomovar of Bcc strains isolated was confirmed at the B. cepacia Research Laboratory and Repository at the University of Michigan. Successful eradication of Bcc was defined as clearance of Bcc following the induction stage of therapy with maintenance of at least three additional negative respiratory cultures at 3-month intervals during the 12-month follow-up.
Treatment protocol
Patients included in the eradication group following sputum culture isolation of newly acquired Bcc were placed on the eradication protocol (Table 1) . Antibiotic selection was based on identifying an aggressive combination of inhaled and intravenous therapies with broad coverage to obtain maximal in-vivo treatment synergy as multiple patient strains demonstrated pan-resistance based on in-vitro antibiotic sensitivity testing. Tobramycin was included for empiric coverage of P. aeruginosa given the high rate of co-infection in this population. The rationale for antibiotic selection is included in Table 1 .
Statistical analysis
Statistical analysis was performed using GraphPad Prism version 6.0c (GraphPad Software, Inc., San Diego, CA). Continuous variables were described using means with standard deviations, or medians with ranges as sample sizes were small, and were analyzed using MannWhitney t-test or Two-way ANOVA testing as data were non-parametric. Change in lung function and nutritional status was compared between groups using Two-way ANOVA; Fisher's post hoc test was used when ANOVA was significant. All statistical tests were two-sided and P-values < 0.05 were considered statistically significant.
Results
Patient cohort
From January 2012 to June 2015, 14 adult patients were found to have Bcc isolated in sputum cultures. Seven of these patients were found to have a newly acquired Bcc colonization (no isolation of Bcc from sputum in the two preceding years), of which six were placed on eradication protocol. The remaining patient was not included in analysis due to a new acquisition of P. aeruginosa during the maintenance phase of the Bcc eradication, requiring transition to a PsA eradication protocol. Seven additional patients were defined as having chronic colonization with Bcc based on prior positive cultures for Bcc; these patients were treated based on guidelines for pulmonary exacerbation and were considered as contemporaneous controls. Of these seven control patients, two patients were not included due to inadequate clinic follow up. A third patient with Bcc colonization was not included due to identification of only one CF causing mutation despite genetic sequencing. These patients were excluded from further analysis. This control group thus consists of patients with chronic Bcc infection and act as case controls for patients with acute infection.
Outcome following bcc Eradication
Demographic data for the two groups including age, gender, CFTR genotype, baseline lung function, nutritional status, pancreatic functional status, and microbiology culture results at baseline were collected via chart review ( Table 2 ). All patients in both groups were maintained on thrice weekly oral azithromycin therapy for anti-inflammatory effect. In addition, all patients placed on Bcc eradication were previously colonized with PsA and were maintained on every-other-month inhaled tobramycin. Three of the four control patients were also previously maintained on inhaled tobramycin for chronic PsA infection. At baseline there was no significant difference between the group means of the eradication and control groups for FEV 1 % predicted (65.5 ± 24.5% vs. 59.7 ± 28.2%, respectively, p = 0.67) or BMI (20.2 ± 3.8 vs. 20.3 ± 1.2, respectively, p = 0.94). Among patients in the eradication group, 100% of the patients remained free of Bcc at the end of the study compared to 25% in the control group. During the one-year follow up period the eradication group experienced a mean number of exacerbation of 1.66 ± 0.42 versus 3.25 ± 1.0 by the control group (p = 0.166). The mean time to first exacerbation was 230 days (± 24.55) in the eradication group versus 88 ± 27.6 in the control group (p = 0.009). The change from baseline between the eradication and control groups was compared and at three months the groups had a significant difference in change of FEV 1 % predicted (10.8 ± 10.7% vs. -6.0 ± 8.8%, p = 0.01) (Fig. 1) . No significant difference in change of FEV 1 % predicted was identified between the eradication and control groups at 6 (1.3 ± 13.0% vs. -7.5 ± 7.5%) or 12 months (− 2.6 ± 15.1% vs. -10.2 ± 11.1%). With regards to nutritional status, no significant difference was identified in change in BMI from baseline between the eradication and control groups at three (0.68 ± 0.71 vs. 0.3 ± 0.64 kg/m 2 ), six (0.56 ± 1.1 vs. -0.95 ± 1.6 kg/m 2 ), or 12 months (1.8 ± 2.0 vs. 1.3 ± 0.5 kg/m 2 ). We also report absolute FEV 1 % and BMI in the eradication group by individual. Among these patients, no significant difference was seen in mean (± standard deviation) FEV 1 % predicted at three (76.5 ± 15.0), six (67 ± 20.9), and 12 months (63 ± 24.1) following eradication compared to either baseline (65.6 ± 24.4) or the average of the year prior to Bcc acquisition (74.3 ± 15.6). Similarly, no significant difference was seen in BMI at three (20.9 ± 4.1), six (20.8 ± 3.6), and 12 months (22.1 ± 4.4) compared to baseline (20.2 ± 3.8) or the average of the year prior to Bcc acquisition (20.4 ± 3.1) (Fig. 2) .
Discussion
We describe the implementation of a Bcc eradication protocol for CF patients with a newly acquired Bcc colonization using an aggressive treatment regimen with a high success rate, suggesting its potential for benefit in Fig. 1 a. Change in mean lung function (FEV 1 % predicted) from baseline over time during the course of the cohort study for patients in the eradication group compared to patients treated with standard of care. *p = 0.01. b. Change in mean BMI from baseline for the same period this small group. Although no significant difference in lung function or BMI was observed at one year of follow-up between the eradication and control groups, the eradication group demonstrated universal Bcc clearance (100% as compared to 25% in the control group), stable lung function and nutritional status, and no treatment-related adverse events. We recognize the limitations of the small chronic Bcc case controls. This data is illustrative that chronically infected patients may have greater risk for exacerbation as well as increased CF-related morbidity. However, we acknowledge that these comparisons are not directly associated with the interventions outlined in our protocol. The protocol was relatively unbiased to patient selection, as all patients with newly discovered Bcc entered the protocol, with the exception of a single patient who was actively being treated for additional pulmonary pathogens, which precluded utilizing certain antibiotics.
It is important to note that a subset of patients, particularly younger patients, have been shown to spontaneously clear Bcc from sputum cultures suggesting that aggressive eradication may not always be necessary [13, 16] . Although it is not clear which patients are most likely to benefit from Bcc eradication, early eradication is likely to be clinically significant given the general association between Bcc colonization and progressive clinical decline [10, 17] .
The protocol was, by intention, aggressive and it is not known whether this intensive therapy is required for successful Bcc eradication. Also note, this protocol demonstrated successful eradication of three different Bcc strains, some of which have not been previously associated with outcomes similar to an epidemic strain. Alternative protocols in pediatric patients with newly isolated Bcc have been described with some success and have utilized similarly aggressive regimens combining inhaled and intravenous Tobramycin, Ceftazidime and Temocillin [18] . The patients described by that series were not complicated by chronic PsA co-infection. An additional case-series described combination of inhaled amiloride and tobramycin with eradication of initial colonization in 3 of 4 patients but was unsuccessful in chronically infected patients [19, 20] .
Conclusion
This study has several limitations including a small sample size, retrospective single-center design, and a control group that consisted of chronically infected patients who might have a different course of disease progression. Therefore, a multi-center, prospective study is warranted to evaluate the efficacy of aggressive Bcc eradication and provide a more definitive evaluation for treatment of this severe complication of CF lung disease and associated potential benefits on CF-related morbidity and exacerbation frequency we observed compared to case controls. 
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Summary at a glance Burkholderia cepacia complex (Bcc) results in worsened clinical course in cystic fibrosis patients. Previously described Bcc eradication protocols have resulted in limited success. We describe an intensive Bcc eradication protocol that resulted in a high rate of Bcc-free cultures for one year of follow up.
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